abstract BACKGROUND AND OBJECTIVE: Pizza consumption is a top contributor to children's and adolescents' caloric intake. The objective of this study was to examine children's and adolescents' pizza consumption patterns and its impact on their energy and nutrient intake.
WHAT'S KNOWN ON THIS SUBJECT: Among all age groups, children aged 6 to 11 years and adolescents aged 12 to 19 are the most frequent consumers of pizza. Pizza consumption is the second highest source of daily energy among children 2 to 18 years old.
WHAT THIS STUDY ADDS:
This study examines changes in children' s patterns of pizza consumption by demographic characteristics, source, and meal occasion. Using an individuallevel fixed effects model, we examined the impact of pizza consumption on excess energy intake and diet quality.
Excessive energy intake from solid fats and added sugar and sodium among children and adolescents in the United States is a significant public health concern. 1,2 Poor diet puts US youth at risk for a number of nutrition-related diseases, including type 2 diabetes, hypertension, and obesity. 3, 4 Although obesity among preschool-aged children was recently reported to have fallen from 13.9% to 8.4%, obesity rates remained high at 17.7% and 20.5% among children aged 6 to 11 and adolescents aged 12 to 19, respectively, in 2011-2012. 5 In 2003-2004, after grain desserts, pizza consumption was the second highest source of energy at 136 kcal per day among children 2 to 18 years old. 6 In 2007-2010, children aged 6 to 11 and adolescents aged 12 to 19 were the most frequent consumers of pizza; 22% consumed pizza on a given day compared with 14% for young children aged 2 to 5 and 13% for the overall US population aged 2 years and older. 7 Recent evidence from 2009-2010 found pizza to be the second top contributor to children's calories from school and the third top contributor from fastfood restaurants. 8 Pizza also ranked as the second highest contributor to children's solid fat intake from both schools and fast-food restaurants. 8 Average energy intake from pizza consumption declined among children and adolescents aged 2 to 18 from 141 kcal per day in [2003] [2004] to 105 kcal per day in 2009-2010, 9 but whether such changes occurred equally across sociodemographic groups or similarly across food sources and meal occasions remains unclear. Therefore, we explored changes in children's and adolescents' patterns of pizza consumption by demographic characteristics (race/ ethnicity and income), source (eg, store, fast food, school cafeteria), and meal occasion (breakfast, lunch, dinner, and snack).
Although pizza continues to be a significant source of calories, an important question is whether and to what extent it contributes to excess energy intake and poor diet quality. Previous studies have shown that on the days that sugar-sweetened beverages or fast food are consumed by children, overall caloric intake is increased. 10, 11 To explore whether a similar effect exists for pizza, we estimated individual-level fixed effects regression models by using dietary recall data to examine the relationship between any pizza consumption (including by meal occasion and source) and total energy intake (TEI) and indicators of diet quality. We also examined whether the impact of pizza consumption on overall energy intake differed by gender, race/ethnicity, and socioeconomic status (SES).
METHODS

Data
We used 24-hour dietary recall data from participants in NHANES 2003-2004, 2005-2006, 2007-2008, and 2009-2010 . NHANES is an ongoing survey based on a complex, multistage sampling design to be nationally representative of the civilian, noninstitutionalized US population. Data collection procedures and survey design are described elsewhere. 12 Our sample included children aged 2 to 11 and nonpregnant adolescents aged 12 to 19. We examined subpopulations by race/ethnicity (non-Hispanic white, non-Hispanic black, and Hispanic, including Mexican American and other Hispanic) and income (low income defined as families with income ,130% of the federal poverty level [FPL] , middle income 130%-300% of the FPL, and high income $300% of the FPL).
The NHANES included 2 nonconsecutive 24-hour dietary recalls for which respondents reported on all foods and beverages consumed in the preceding 24 hours. 
Statistical Analyses
We Based on the day one 24-hour dietary recall data for children and adolescents, we tested changes over time for the prevalence of pizza consumption, mean energy intake from pizza, mean energy intake conditional on consumption, and the contribution of pizza to daily TEI. We also examined changes in mean energy intake from pizza by race/ ethnicity, income, source, and meal occasion.
To examine the impact of pizza consumption on energy and nutrient intake outcomes, we estimated an individual-level fixed effects regression model based on the 2 different days of intake data, equivalent to a first difference estimator based on only 2 observations per person. This model removed the effects of all standard time-invariant observed characteristics, such as age, gender, and race. Given the short time span between the day 1 and day 2 dietary recalls, it also removed the effects of household/parental characteristics, such as marital status, education, and income. Importantly, the individuallevel fixed effects model removed the time-invariant unobserved characteristics related to food and beverage preferences. 13 The regression model for a given outcome, energy or nutrient intake, Y i , was specified as follows:
where PIZZA i indicated whether any pizza was consumed in the 24-hour recall period. The variables WD i and D i controlled for whether the recall day was on a weekday versus a weekend and, given differences in data collection methods across days, whether it was on day 1 or day 2, v i was the constant individual-specific error, and w i was an SE term. We estimated the equation separately for children aged 2 to 11 and adolescents aged 12 to 19. Additionally, based on the equation, we examined whether the impact of pizza consumption had a differential impact on energy intake across gender, race/ ethnicity, and SES. Because this study drew on multiple waves of NHANES data (2003-2004 through 2009-2010 ) and the recall periods were only 10 days apart within a given wave, the estimates provide average impacts over that time period. To assess whether the impact of pizza consumption differed over this time period, we estimated separate models by wave.
We further specified 2 additional models of energy intake: (1) children's energy intake from pizza across race was similar. Figure 2 shows that consumption levels remained fairly flat among lowincome children. Although pizza consumption fell among children from middle-and high-income families, the changes were not statistically significant. Similar to the pattern for adolescents overall, there also were no significant changes in pizza consumption for any of the racial/ethnic or income adolescent subgroups. The individual-level fixed effects regression estimates for the withinperson daily changes in energy and nutrient intakes were based on the sample for which we had both day 1 and day 2 observations (Table 2 ). There were no significant differences in sample characteristics by age, gender, race/ethnicity, or income between the sample that completed the day 1 recall and the sample that completed both the day 1 and day 2 recalls. The regression results in Table 3 show that pizza consumption was associated with an increase in total daily energy intake of 84 kcal for children and 230 kcal for adolescents. For both children and adolescents, respectively, pizza consumption significantly increased intake of saturated fat (by 3 g and 5 g), and sodium (by 134 mg and 484 mg), but had no significant impact on sugar intake. These estimates are based on our full sample Examining the impact of pizza consumption on energy intake by subpopulations revealed limited significant differences across groups. Pizza consumption was associated with significantly higher additional energy intake among black compared with Hispanic children (147 vs 23 kcal), but no other racial/ethnic differences were significant ( Table 4 ). The impact of pizza consumption on excess energy intake did not differ across gender or SES.
Based on our model specifications that included a multivariate assessment of pizza consumption by meal occasion and by source, Table 5 shows that pizza consumption as a snack was found to have the largest adverse impact on energy intake for both children (202 higher kcal) and adolescents (365 higher kcal), although it was significantly higher than other meal occasions only compared with lunch for children. Pizza consumption from restaurants was associated with the largest net increase in children's and adolescents' energy intake. In particular, pizza consumed from fast-food restaurants was associated with a 323-kcal increase in total daily energy intake for adolescents (significantly higher [P # .05] compared with estimated impact of pizza consumption sourced from the school cafeteria). Pizza consumption from school cafeterias was not associated with higher energy intake for either age group.
DISCUSSION
Pizza constitutes an important source of total and excess calories in the diets of children and adolescents. On days that it is consumed, pizza contributes an average intake of 408 kcal for children and 624 kcal for adolescents and net daily TEI is higher by 84 kcal among children and 230 kcal among adolescents. These findings are similar to the excess total caloric intake associated with fastfood consumption for children and adolescents (126 and 310 kcal, respectively). 10 In both cases, other sources of caloric intake are not sufficiently reduced to balance overall calories. The effect of pizza on total excess caloric intake was found to be consistent across gender, race, and income, with the exception that it was significantly higher for black compared with Hispanic children.
In addition to its adverse impact on energy intake, and similar to the effects of fast-food consumption, 10,14-16 pizza consumption is associated with poorer diet quality among both children and adolescents. On the days when they eat pizza, children and adolescents consume more saturated fat and sodium, although in contrast to fast-food consumption, 10,15 pizza consumption is not associated with significantly higher sugar intake.
The adverse impact of pizza consumption on energy and nutrient intake is an important concern given that its consumption remained highly prevalent among children (20%) and adolescents (23%) in 2009-2010. A decline in energy intake from pizza consumption among children aged 2 to 18 was recently documented. 9 This present study showed that energy intake from pizza declined significantly (-25%) Summary statistics were weighted by using the NHANES examination weight.
pizza consumption as a snack was infrequent, its impact on net caloric intake was substantial, suggesting that such practices should be discouraged.
In 2003-2004, more than half of children's and adolescents' calories from pizza were obtained from fast food. Although significantly lower by 2009-2010, fast-food restaurants remained the main source of pizza for children (34%, followed by stores at 24%) and the second top source for adolescents (33%, with stores in the top spot at 34%) in 2009-2010. Further, the regression results from this study showed that pizza consumption sourced from fast-food restaurants had the greatest adverse impact on energy intake among adolescents. Although there have been a number of regulatory 18, 19 and voluntary 20, 21 efforts to set standards for the nutritional content of meals obtained from restaurants, a recent evaluation of nutrients in pizza from the leading top 2 national fast-food pizza chains revealed a significant increase in sodium content in thincrust cheese pizzas between 2003 and 2010. 22 Furthermore, although new USDA standards will help to improve the nutritional content of competitive foods obtained within schools, they will not affect the competitive food market just outside of schools. Fast-food restaurants are clustered around schools, particularly high schools and those in low-income neighborhoods, [23] [24] [25] and fast-food availability around schools has been associated with higher consumption and body weight. 26 The Children's Food and Beverage Advertising Initiative does not include any pizza fast-food restaurant members, although 2 such restaurants have been identified as being among the top 10 fast-food advertisers on television to whom youth are exposed. 27 This study is subject to several key limitations. First, the 24-hour dietary recall data were obtained via selfreport and are subject to underreporting. 28, 29 Second, heterogeneity in serving sizes of pizza slices may not be accurately captured. Third, there can be significant heterogeneity in nutrient content even within different types of pizza (ie, among different brands of cheese pizza) and the Food and Nutrient Database for Dietary Studies nutrition data are limited in their capacity to capture variation in nutritional content by brand. Our analyses by source helped to account for some of this heterogeneity. Fourth, our analyses could not account for timevarying confounders, such as physical activity or other unobserved factors that might affect food preferences day to day. Nonetheless, all time-constant confounders were accounted for in the individual-level fixed effects regression.
CONCLUSIONS
The higher net total energy, saturated fat, and sodium intake associated with children's and adolescents' consumption of pizza demonstrates the importance of implementing policies and practices aimed at curbing its consumption and Pizza consumption is any pizza consumption in the 24-hour dietary recalls. All analyses are weighted by using the NHANES examination weight. TEI is measured in kilocalories, sugar and saturated fat are measured in grams, and sodium is measured in milligrams. Control variables include indicators for whether the dietary recall observation was on a weekday versus the weekend and whether it was on day 1 versus day 2. SEs are reported in parentheses and are robust. Impact on total energy and nutrient intakes significant at *** P # .001. Pizza consumption is any pizza consumption in the 24-hour dietary recalls. All analyses are weighted by using the NHANES examination weight. TEI is measured in kilocalories. Control variables include indicators for whether the recall was on a weekday versus the weekend and whether it was on day 1 versus day 2. SEs are reported in parentheses and are robust. Impact on TEI significant at * P # .05; **; P # .01; *** P # .001. a Significant difference between black versus Hispanic at the P # .05 level.
improving its nutrient content. Dietary strategies to address and treat obesity should focus on the principal sources of calories in the diet, particularly from foods that contribute to excess caloric intake.
Dietary counseling is more likely to be effective if it focuses on specific foods rather than nutrients. Pizza is the second largest contributor to caloric intake in children and adolescents 6 and, as we have shown in this study, pizza is frequently consumed. In addition, on the days that it is consumed, pizza contributes more than 20% of the daily intake of calories, and total caloric intake is significantly increased compared with caloric intake on days when pizza is not consumed. These observations emphasize that pizza, like sugary drinks, may be a significant contributor to excess caloric intake and obesity, and should become a target for counseling for the prevention and treatment of obesity in pediatric practice. Furthermore, because children and adolescents obtain pizza from varied sources, continued efforts are needed on multiple fronts to improve the nutritional content and related marketing of pizza served in schools and restaurants and supplied through stores. Pizza consumption includes any pizza consumption in the 24-hour dietary recalls. All analyses are weighted by using NHANES examination weight. TEI is measured in kilocalories. Control variables include indicators for whether the dietary recall observation was on a weekday versus the weekend and whether it was on day 1 versus day 2. SEs are reported in parentheses and are robust. Impact on TEI significant at * P # .05; ** P # .01; *** P # .001. a Significant difference between estimate for snack versus lunch at the P # .05 level. b Significant difference between estimate for fast-food restaurant versus school cafeteria at the P # .05 level.
